An instrument that associates an electronic nose equipped with 18 metal oxide sensors and a CCD camera has been used in several ® shing harbours in Europe to recognize the various ® sh and their qualities. Excellent results and a good correlation over 1 month have been obtained. Results and sampling procedure will be discussed.
Application of chemometrical methods in avour analysis

Detlef Ulrich and Edelgard Hoberg, Federal Centre for Breeding Research on Cultivated Plants, Institute for Quality Analysis, Neuer Weg 22/23, D-06484 Quedlinburg, Germany
Most of the¯avours appreciated today in fruit and vegetables were recognized many years ago and are often best represented in old varieties unsuited to large-scale commercial production. In addition, long-term plant breeding can cause a depletion of aroma patterns by genetic shift. Rapid and reliable analysis methods are required to integrate objective criteria for sensory qualities in plant breeding and quality assessment.
The topic of the presentation is the application of statistical techniques in combination with standard instruments, fast-GC and mass spectrometer, for electronic nose measurements in food research and industry. Examples of aroma analyses for strawberries, melons and boiled potatoes in dependence of their genetic background and/or the post-harves t treatments will be presented. The sensory quality of boiled potato extracts was checked by a combination of fast-GC with chemometric data processing. The statistical analysis of time sections of chromatogram s with full chromatographi c separation was used to diå erentiate between genotypes with varying sensory qualities. In contrast to potatoes, the aroma patterns of various strawberry and melon genotypes were investigated by using mass spectrometric sensor measurements as a reliable method. Fruit homogenate volatiles were sampled by headspace SPME with a PDMS/ DVB ® bre and injected in a GC/MS system equipped with a short, unpolar column. No chromatographi c separation was necessary to use the mass spectrometric detector as sensor. A chemometric software was applied for data processing using the mass fragments from m/z 27 to 300 amu as`sensors' .
Both methods characterized here are capable of diå erentiating between diå erent¯avour patterns in fresh fruits or boiled vegetables. Because of their simplicity and rapidness, the methods are applicable as screening techniques in plant breeding as well as quality assessment.
Combinatorial and high throughput methods for materials R&D: an advanced technology program technology cluster
John D. Hewes, Advanced Technology Program, National Institute of Standards and Technology, 100 Bureau Drive, Gaithersburg, MD 20899-4730, USA
The National Institute of Standards and Technology (NIST) Advanced Technology Program (ATP) provides funding on a cost-share basis to industry for high-risk/ high-payoå research on emerging and enabling technologies. The ATP concentrates on technologies that oå er signi® cant, broad-based bene® ts to the nation' s economy, but that are unlikely to be developed in a timely fashion without ATP support. The ATP is currently funding research projects in high-throughpu t discovery of catalysts and polymer coatings, with FY1999 and 2000 project budgets of $44 million (ATP share $26 million and industry cost-share) $24 million over 5 years.
The NIST Measurement and Standards Laboratory (MSL) also has an exciting opportunity in high-throughput experimentation: to develop measurement science to support new parallel methodologie s and measurement tools tailored to speci® c industrial needs; to validate new and existing measurement methods and models using parallel or high-throughpu t approaches; to demonstrate application of HT methods to new materials and R&D problems; and to develop new standards addressing systems integration issues. The ATP supplements the NIST MSL through its intramural research program and is funding research in scanning microwave microscopy of BST thin layer dielectrics, genetic programming for data mining and visualisation, and two-dimensional mid-and far-FTIR imaging.
Minimizing validation e´ort in analytical data systems using automated regressio n test tools
Wolfgang Winter, Agilent Technologies GmbH, Lifescience Business Unit, Hewlett-Packard Str. 8, D-76337 Waldbronn, Germany
Systems compliant with Part 21 CFR Part 11 must be validated. However, without adequate quali® cation procedures and tools, the quali® cation and requali® cation of systems can become a labour-intensiv e task. In many cases, system validation becomes more expensive than the initial purchasing price. This paper discusses how automated regression test tools become invaluable during systems development and test, and how the same approach can be applied to perform other parts of the system validation eå ectively and consistently. This is particularly true in the area of revalidation of a system, e.g. after installing a new software revision update.
By applying state-of-the-ar t software design methodology, the diae culties with changing software and hardware platforms become manageable. Proper encapsulation of the algorithmic portions of a system from the user interface and other operating system-dependen t layers of a networked data system minimizes the dependencies on a particular system environment. This (objectoriented) method of structuring a software system enables portable algorithms that can be migrated across generations of systems or even in new ones speci® cally designed for a diå erent operating system. This encapsulation approach also allows test-engineering teams employed by the manufacturers to develop powerful computer-based , automated regression test suites. Even in the early stages of a software product' s lifecycle, Abstracts of papers and posters presented at the 2001 Pittsburgh Conference these test suites allow the vendor to perform extensive black-or white-box tests on a particular module.
Known input can be fed into the interfaces of the module and the resulting output can be compared against prede® ned test speci® cation results. The regression test software can automatically determine whether the result is within the de® ned acceptance limits and¯ag deviations if they occur. The same technique can be applied for system quali® cation at installation and for continuous performance veri® cation in the analytical laboratory. This works not only for software quali® cation, but also for quali® cation of analytical instrumentation. Since the regression tests are computer-based , the delivery of the quali® cation is consistent and fast compared with the manual execution of a paper-based test protocol.
Conclusion: state-of-the art networked data systems should use automated regression testing tools. This technology not only helps to increase system reliability and quality during the development phase, but also enables consistent and fast execution of system quali® cation (IQ, OQ/PV) in the analytical laboratory.
Analytical method validation: an automated software approach
Patricia A. Fowler and Michael Swartz, Waters Corp., 34 Maple Street, Department TG, Milford, MA 01757, USA
Method validation is a tedious process performed to determine if an analytical method meets the requirements for the intended purpose. In the regulated laboratory, method validation may take many days to perform the analytical tests necessary to evaluate linearity, accuracy, precision, limit of detection, limit of quantitation, speci® city and robustness. These parameters must be evaluated to determine if a particular method truly exhibits the performance characteristics that are expected by regulatory agencies such as the FDA. The data reduction and statistical analysis performed on these analytical tests can be the most time consuming and tedious part of the process. There is also a greater possibility of introducing error, especially when calculations are performed manually. With the use of automated software to perform these calculations, an analytical method can be validated much faster and easier, with less chance for error.
The analytical method in this presentation was validated using automated software to determine linearity, accuracy, precision, LOD, LOQ, speci® city and robustness. Chromatographi c results are directly accessed in a relational database , bypassing manual intervention. Statistical calculations were performed automaticall y with a report generated showing the results of the analyses from the Student, Cochran, Dixon, and Fisher tests. Graphs representative of the statistical analysis obtained while validating this method will be shown. The data reduction and statistical calculations necessary to validate the method, complete with the necessary documentation and report generation was completed in signi® cantly less time. This presentation will highlight the advantage in time savings and error reduction, as well as improvements in eae ciency and the decision-making process for method validation. Owing to the diå erent uptake and bioaccumulation rates and ecotoxicity of various selenium compounds, the identi® cation and measurement of each compound is becoming increasingly important. Many industries face challenges in determining the levels of selenium species present and the best method for remediation of toxic species. The industries aå ected are widespread and include zinc, lead and gold mines, phosphate producers, power plants, coal mines, re® neries, glass manufacturers, and agricultural irrigators. The toxicity and clean-up methods vary, depending on the speci® c selenium species present and the environment into which they are released. For example, Se(VI) is fairly persistent in water.
Practical application of selenium speciation in process discharg e streams
On the other hand, Se(IV) has a higher aae nity for particulate matter and is easily reduced by bacteria, making it much more prone to removal from the water by moving into the sediment.
Past approaches to speciate selenium have resulted in limited success when transferred to real sample matrices. Operationally de® ned methods fail because of the interferences that can occur in complex matrices and the presence of unanticipated species (such as selenocyanate or organoselenium species). The use of ion chromatography (IC)-ICP-MS and IC-hydride generation (HG)-ICP-MS techniques for performing selenium speciation in a variety of waste process streams has been evaluated and will be discussed. Besides the commonly encountered species selenite and selenate, various currently unidenti-® ed Se species are found in many industrial waste water streams (see the ® gure). Data showing the eå ect of common sample characteristics, such as salinity, on the method performance will be presented. Recommendations regarding methodologies developed for particular process streams will be presented and discussed.
Design of continuous monitoring of analytes by membrane extraction with sorbent interface
Ionel Ciucanu and Janusz Pawliszyn, Department of Chemistry, University of Waterloo, Waterloo, ON, N2L3G1 Canada
The importance of continuous, fast and portable instrumentation is gaining more attention in the recent years.
The most important feature of any continuous instrumentation is the sample introduction device, which must make a automatic and reproducible injection. Membrane extraction with sorbent interface (MESI) is such a technique that has no moving piece, can inject a large volume of sample without band broadening, and is solvent free, simple, fast and inexpensive.
In this communication, the development of a new design of MESI system composed of membrane module, microtrap and heated line transfer will be presented. Each component of the system will be described. The analytes were extracted from sample matrix with a very sensitive membrane module. The extracted analytes were concentrated in a very small amount of sorbent of the microtrap and were periodically desorbed by applying an electric/ thermal pulse. The desorptions were performed at ® xed intervals, corresponding with an injection in a capillary column. A heated silicosteel capillary column was used as a transfer line avoiding adsorption and condensation of analytes, performing a ® rst separation of the analytes, improving the resolution and making the process faster. Using a microGC and a 12 V DC power supply made the system portable.
The MESI system designed was suitable for continuous analysis of solid, liquid and gaseous sample in laboratory, ® eld and in process control applications. Continuous monitoring of aromatic hydrocarbons , chlorinated compounds and terpenoids from diå erent sources with this MESI system will be presented.
Field-based material characterisatio n with portable FTIR spectroscop y
John P. Coatis, S-Coates Consulting, Newtown, CT 06470, USA
For years, as analytical chemists, we have accepted the fact that we have to perform detailed analyses for sample characterisation and identi® cation in a laboratory. This is particularly, the case with techniques such as infrared spectroscopy, which today typically requires a standard FTIR spectrometer equipped with one or more samplehandling devices (or accessories). At times there are problems associated with taking samples back to the laboratory, such as the potential for loss and/or misdirection of a sample, the opportunity for mix-ups between samples, and even the risk of sample degradation and/or adulteration. Other initiations can be restrictions imposed on the transportatio n of materials. Good examples include criminal investigations, where the optimum forensic solution would be the ability to perform the analysis at the crime scene, and on-site testing of waste, especially for recycling and/or hazardous material disposal.
This paper will present a new concept of on-site material characterisation , where a universal sampling aid is integrated with a compact transportabl e FTtR system, The interpretation of surface-enhanced Raman spectra (SERS) has often depended on visual analysis by a SERS specialist. Variable background emission, frequencyshifted Raman bands and bands from other substances complicate SERS spectral evaluation. Despite these hurdles, SERS has emerged as a highly sensitive and selective method for detection of nitro-explosives.
The utility of SERS for explosive detection has been enhanced with the development of spectral analysis tools based on principal component analysis (PCA). The automated PCA outperformed the visual inspection protocol in substantially less evaluation time. A 96% successful identi® cation rate with 14% false-positive rate was achieved in <10 s of analysis time for 54 landmine simulants. Visual inspection took hours longer for a lower positive identi® cation rate and a higher false-positive rate. Vapor concentrations of 2,4-DNT, the analyte for these tests of SERS landmine detection, ranged from 50 to 5 ppb and were sensed with electrochemically roughened gold coupons.
Based on estimates of the total analyte available and the collection eae ciency of the SERS probe, SERS spectra were collected from <1 pg 2,4-DNT. PCA also provided a qualitative measure of substrate quality with obvious implications for improved substrate synthesis. In a separate test of SERS sensitivity to landmine vapors from contaminated soils, the principal components separated into positive and negative indications for landmine and for poor substrate sensitivity. This second test of landmine sensitivity used samples contaminate d with highly aromatic diesel fuel. Aromatic compounds are highly SERS active, yet the PCA approach to sample characterisation distinguished between the diesel interferents and the 2,4-DNT signature spectrum. Until about 15 years ago, spectroscopists spent hours searching through books of spectra to attempt to match visually the spectra they measured from their samples. With computerisation of spectrometers came the ability to perform rapid and reliable spectral searching against large digital databases of spectra. At the time, this was a revolutionary development as it dramatically reduced the time it took spectroscopists to identify compounds.
However, it was still time consuming to measure all the necessary compounds to build up the digital libraries.
Owing to this, a new commercial industry evolved to create database search software and spectral libraries.
There is a substantial amount of work involved in developing high commercial-quality collections of spectra. While the information value to spectroscopists is very high, not everyone could aå ord them. This was especially true of smaller laboratories, researchers involved in shortterm projects, educational institutions where the need to search spectral databases is infrequent. Now in the age of the Internet, where it is possible to access powerful computers through a simple Web browser, comes the next revolution in searching spectral database; on-line access. FTIRsearch.com takes advantage of the unparalleled connectivity of the Internet to oå er every chemist and spectroscopist access to large, commercial-quality FTIR and Raman spectral databases at aå ordable prices.
The Internet is the ideal way to make use of spectral databases. Since it is always`on' , there is never a need to locate a computer that has software or libraries. As more and more people have access to the Internet at work, the ability to connect multiple users around the world to a single, powerful computer makes it the obvious choice for delivering a comprehensive spectral database search product. In previous papers we demonstrated the use of digital signal processing (DSP) software algorithms for demodulating the phase-modulatio n component in step-scan FTIR photo-acousti c measurements [1] , and the simultaneous demodulation of both the phase modulation and sample modulation components in dynamic polymer stretching measurements [2] . These software techniques eliminate the requirement for one or more lock-in ampli® ers for demodulation of the component signals, thereby eliminating the extra cost burden and experimental complexity of these devices. In addition, DSP software techniques have been shown to provide increased sensitivity by allowing the full use of the dynamic range of the FTIR spectrometer. This paper will discuss the continued extension of the DSP methods to triple modulation measurements, speci® cally those measurements that employ a photoelastic modulator in combination with phase modulation of the spectrometer (US Patent 6,025,913). These techniques will be applied to dynamic infrared linear dichroism, vibrational linear dichroism (VLD) and vibrational circular dichroism (VCD) measurements. Examples of these applications will be discussed, contrasting the bene® ts of this approach to demodulation with a series of lock-in ampli® ers.
Field application of the particulate matter characterisatio n and monitoring system for the realtime evaluation of emission particles from combustion sources A particulate matter characterisation and monitoring system (PMCMS) consisting of a tandem arrangement of a particle size analyser and a mass spectrometer was assembled in a mobile platform for ® eld testing of combustion sources such as aircraft jet engines. The online particle analysis system was used for on-line real-time particle size and chemical composition determinations of particles emitted by prototype engines and combustors at US Air Force and NASA installations.
Characteristics of emitted particles were monitored under varied operating conditions. The characterisation of particles emitted from an angular sector combustor rig at the NASA Glenn Research Center involved size distribution analysis and detection of metals borne by the submicron particle. Of 41 elements monitored, most prevalent were A1, Si, Ca and Fe. These elements were detected in the emission particles during all operational conditions. They are most likely originated from the alumina refractory housing of the combustor. In contrast, no zirconium was detected in the emission particles, although the combustor also contains refractory made mainly with zirconium oxide.
The real-time particle size distribution and elemental analyses of combustion particles emitted by a T-63 Gas Turbine Engine were performed at the Wright-Patterson Air Force Base ARL Fuels Branch. A representative broad size distribution and elemental composition of the particles emitted by the engine is shown in the ® gure. The PMCMS detected several metals in the particles, and the most abundant metals were chromium and vanadium. Fine (submicron) particles generated by Joule heating of metal wires in gas streams have been used as test aerosols in diverse research ranging from development and validation of aerosol monitoring instrumentation , particle deposition and health eå ect monitoring. Although shape and size characteristics of the submicron particles have been studied extensively, accurate information on the chemical constituents of the particles has been limited, primarily due to the diae culties in sampling and analysis of ® ne particles. An on-line particle characterisation system consisting of diå erential mobility analyser (DMA) and an inductively coupled plasma-mass spectrometer (ICP-MS) was developed and used for characterisation of submicron particles emitted by electrically heated metal wires. The system permitted an on-line, real-time particle size and chemical composition determination of aerosols produced from electrically heated wires. When nichrom wire consisting of 60% Ni, 20% Cr and 20% Fe was resistively heated, the submicron particles found in gas streams were largely composed of pyrolysis products of residual organics in the gas streams. As a result, except under highly sterile conditions, little correlation between metal concentration and number distribution of aerosols could be observed. However, a good correlation between total particle volume and W concentration was readily obtained with a resistively heated tungsten wire (see the ® gure). Ideally, chemometric methods would be freely transferable between instruments and insensitive to any changes over the lifetime of an instrument. This is quite readily achieved for some applications, but problems can arise when methods rely on very subtle spectral diå erences. We describe a three-component strategy that addresses this issue within a system for identity and conformance testing by FTIR and FTNIR.
The ® rst step is to control the spectrometer hardware as closely as possible. However, component and manufacturing tolerances limit what can be achieved in practice. A signi® cant further improvement can be obtained by using software to standardise the instrument response function, that is the wavelength calibration and the lineshape. For this we have adopted the Absolute Virtual Instrument approach in which a mathematically de® ned`ideal' instrument is used as the reference standard. It involves measuring the spectrum of a low molecular weight gas and deriving a transfer function that converts this to what would be obtained from the ideal spectrometer. This transfer function is then applied to all spectra as they are measured. By using a standard sample built into the spectrometer, it is possible to characterise the instrument with any sampling system in place. The calibration can be updated at any time to handle any eå ects of aging or replacement of components.
The third component aims to address variations that arise at the sampling interface, for example NIR re¯ectance or ATR. Our approach is to identify and quantify these variations by analysing data collected from many systems during manufacture. Principal component analysis has proved very eå ective for this. Major variations are modeled and can then be introduced automatically into chemometric methods. This eliminates or greatly reduces the sensitivity of methods to these variations. Near-infrared (NIR) analysis of liquids can be relatively straightforward when sample temperature is constant, scattering losses are low and transmission-mod e path lengths can be optimised. However, with highly scattering liquids, simple transmission mode measurements may not be possible. In addition, the temperature of the product may vary considerably, especially with process applications. NIR spectrometers and sample-handling systems have been developed to deal with these complications. In some cases, diå use re¯ectance can simply be employed. This may be the method of choice if the material is highly re¯ective with suae ciently consistent scattering eae ciency.
However, in many instances, additional control of sample presentation (including sample thickness and temperature) is necessary. Automated trans¯ection-mode¯ow-through measurement systems have been developed for such applications. These systems allow cell thickness to be optimised for a particular application and provide pre-analysis sample temperature conditioning. When suae ciently rugged and reliable technologies are implemented in the laboratory, methods developed using the laboratory-base d measurement systems can be readily transferred to process measurement systems for on-line monitoring. Various applications in the food and beverage industry will be presented.
Applications of automated mass spectrometr y in gemonics
Charles R. Cantor, Sequenom, Inc., San Diego, CA, USA and Sequenom GmbH, Hamburg, Germany Sequenom has developed the technology to scan an array of samples in a chip format by matrix-assiste d laser desorption ionisation (MALDI) time of¯ight (TOF) Mass spectrometry (MS). Current instrumentation uses samples that are 200 mm 2 . About 6 fmol DNA in 6 nl is required; proteins. Other analytes require far less material. Mass spectra can be acquired automaticall y at up to 1.2 s per sample. Available apparatus can process 10 384 sample chips simultaneousl y using chips pro® led with matrix DNA analysis by Sequenom' s technology covers a gamut of applications from sequencing and allele detection to mutation ® nding and gene expression analysis. Allele determination is the most well-developed application and the one likely to enable the implementation of high-throughpu t genomics. MS analysis of alleles oå ers several advantages over more conventional methods. The assays are so robust that assay development can be automated. Thus, the large number of single nucleotide polymorphisms (SNP) required for a genomic study is not daunting. Assay development, SNP validation and the determination of allele frequencies in population pools can be carried out in a single experiment. If well-designed population pools are created, one can potentially drop the cost and speed the rate of associating alleles with diseases or other phenotypes by two to three orders of magnitude.
The much high resolution of MS allows a number of diå erent polymorphic loci to be processed in a single spectrum. Such a procedure is called multiplexing. The high resolution also allows unequivocal detection of heterozygote s and in some cases even allows the phase of compound heterozygotes to be called. The overwhelming advantage of MS-based genotyping is its accuracy. Errors are never made in known alleles. Sometimes, MS actually reveals the presence of alleles that were not previously known.
Automated MS can also be used for mutation discovery or resequencing. This is done by fragmenting a sample enzymatically and detecting mutations as altered fragment weights compared with what was predicted from the known sequence. Fragmentation analysis is still in its infancy but it has the potential for reaching very high throughputs and should be useful both in DNA diagnostics and SNP discovery. Infrared spectroscopy is no longer the principal tool of choice for structure elucidation and con® rmation as in many cases it has been replaced by a combination of both mass spectrometry and nuclear magnetic resonance spectroscopy. While infrared spectroscopy has fallen out of favor, it still provides valuable information about functional group identi® cation, which is often diae cult to identify through other methods. Infrared spectroscopy does have the distinct advantage of being a simple experimental technique and the spectral features can be interpreted and compared with tables of standard vibrations to aid in the identi® cation of speci® c functional groups. With the increasing pressure to perform sample analyses and con® rm molecular structures in a short time, the ability to verify consistency between an infrared spectrum and a suggested structure in an automated fashion is motivating. Here we present our results in developing an integrated processing and databasing software suite for handling UV-Vis and infrared data with molecular structure integration. Hypothetical chemical structures and their consistency with their associated infrared spectra can be performed via an automated analysis of spectral features and functional group analysis. We believe this approach will be invaluable in the ongoing eå orts to reduce sample analysis times. There has been a growing desire to employ infrared (IR) remote-imagin g technique in the detection of chemical vapor species. This desire calls for the exploration and development of automated detection techniques that result in quick and precise qualitative identi® cation of individual analytes against a variety of infrared backgrounds and interferences. In this approach, multispectral infrared remote imaging, which has the ability simultaneousl y to collect both spatial and spectral measurements of a distant scene, is used.
Advances
The goal of this research is to develop an automated detection strategy to be used for identi® cation of chemical vapor species in multispectral IR remote-imaging data in the atmosphere. The success of this work will be helpful in such applications as monitoring chemical weapons as well as environmental pollution from an airborne distant platform. This work utilises data from Instrumentation for automated analysis of volatile organic compounds (VOCs) in air needs to comply with government mandated goals and for clean-room monitoring. Analysis of air and other gases are achieved using built-in adsorption tubes and GC/FID. Concentrated air or other samples are desorbed into a capillary column system. One analyser is designed to detect C2 to C6 VOCs using an alumina-phase capillary column while another analyser detects C6 to C10 VOCs using a DB-624 phase capillary column.
PC-based software solutions for on-site control of the gas chromatograp h and data collection allows instrument access via modem or other communication protocol. Raw peak information, chromatograms , substance tables, retention times and trend data are stored locally on the PC hard disk. Operating parameters and data can be reviewed and adjusted on site or remotely to improve quality of data and further reduce the cost of operation.
Automated, continuous analysis of ambient air avoids the high cost of canister-sampling methods and allows determination of air contaminants without delay. Ppb and ppt level detection of VOCs is permitted by adjusting the sample volume during trapping. Examples of applications will be discussed. FTIR spectroscopy was presented previously at Pittcon 1997 as a mature analytical method for industrial-level emission monitoring systems. In this update, the experience gained from 8 years of monitoring stack emissions will be presented as well as the operating principle and construction of the FTIR-based continuous emissions monitoring system (FTIR-CEMS). FTIR spectrometers designed for industrial environments have proven to ful® ll the needs of waste and chemical incinerators by providing measurements of up to 10 chemical compounds simultaneously while the number is extendable up to 30 measurement components measured simultaneously. Performance, reliability and sensitivity are key parameters to the success of the FTIR-based CEMS.
Fourier transform infrared spectroscop y in continuous emission monitoring: an update
The FTIR spectrometer with heated sample cell allows measurement of stack gas`as is' , thus avoiding any distortion of analytical results for water-soluble compounds like HCI, HF and NH 3 . Statistics will be presented for the measurement of extremely low ppm levels of pollutants like HCI, SO 2 , CO, NO, NH 3 , HF, even in the presence of large amounts of water vapor.
The ruggedness, selectivity, long-term stability and simple design combine to ful® ll regulations of the German Federal Ministry of Environment and Reactor Security, as well as other similar European Community regulations. Worldwide regulations continue to converge with the primary purpose of monitoring pollutants from incineration processes at decreasing levels with increased demand for reliability and up-time.
Users of the FTIR-based CEMAS emphasise criteria such as availability, accuracy and calibration stability. Calibration stability, for example, demonstrates the highlevel stability for the CEMAS along with the advantage of limiting expenses due to consumption of calibration gas and cost of maintenance.
Gas chromatogram of C6 to C9 VOCs in air at 1º5 ppb.
Example for the calibration stability of the Advance Cemas-FTIR.
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The results obtained from the operation of more than 240 FTIR continuous emissions monitoring systems throughout the world will be discussed.
Robust screening of dioxins and furans by iontrap GC-MS/MS
John D. Ragsdale and T. Michael Harvey, Thermo Finnigan, 2215 Grand Avenue Parkway, Austin, TX 78728, USA
The determination of the presence of chlorinated dioxins and furans in the environment and foodstuå s has always been a great concern. Since there are no known safe levels of exposure to these substances, the only way to minimise risk is to minimise exposure. Therefore, only the most sensitive and speci® c instruments are capable of achieving the detection limits required for regulatory con® rmation. These detection limits can be achieved by using high-resolution magnetic sector instruments capable of detecting the dioxins and furans by their exact mass. Not all samples require this level of detection.
Ion-trap mass spectrometers have long been known for their sensitivity and relative low cost compared with other types of mass spectrometers . Applying ion-trap MS/MS technology to the determination of dioxins and furans leads to a viable and robust screening technique that can be used for screening, quantitation and con-® rmation down to the low ppt range. This is achieved using MS/MS for speci® city and using a split injection for increased chromatographi c robustness.
The ® gure depicts the analysis of extracted palm oil that has been spiked with 2,3,7,8-tetrachloro-dibenzo-dioxi n and furan at 1 pg ml ¡1 . The precursor and product ion masses for the dioxin and furan are 320 ‡ 322, 257 ‡ 259 and 304 ‡ 306, 241 ‡ 243, respectively.
Semi-automate d sample deposition system
Richard A. Todebush and James A. De Haseth, Department of Chemistry, University of Georgia, Athens, GA 30602, USA
The detection of minute samples is a concern in many areas of research and analysis, including biological, environmental and forensic science. The use of manual solution direct deposition, combined with surface evaporation, is a very useful and convenient method for the transfer of an analyte to a spectroscopic sampling window. This transfer is most commonly performed with the use of a small pipette and manual placement of the analyte within a speci® c area. In the case of Fourier transform infrared (FT-IR) spectrometry, a microscope is used to focus the radiation onto the sample deposit. This method, however, can present a problem with the thickness variability of the deposit. The tendency is for the sample to dry thicker around the edges than in the middle of the deposit, which can make the focusing of the microscope beam onto a`usable' area of the deposit somewhat of a diae cult task, especially if the total deposit diameter approaches the spatial resolution of the microscope.
One method used in our laboratory to alleviate the sample thickness concern is to use a vacuum apparatus to aid in solvent evaporation during deposition. A glass pipette is attached to a vacuum line and placed ¹3 mm above the center of the deposition area. This allows air to be drawn up and over the sample deposit, thus concentrating the sample into a smaller area. The result of this method is an area of more uniform sample thickness on which to perform FT-IR transmission spectroscopy. An alternative method to transmission spectrometry is the use of a single-bounce attenuated total re¯ection (ATR) element attached to an FT-IR spectrometer. The Harrick Split-Pea TM improves sensitivity by focusing the infrared beam onto a very small area, ¹250 mm in diameter. With the beam focusing and sample`containment' problems resolved a new concern arises. With such a small sampling area, the placement of the analyte deposit must be reproducible. This problem has been solved with the addition of a direct deposition system, which removes the sample thickness variability and positioning uncertainty of the deposit. The design consists of a series of values attached to a nebuliser. The values allow for the loading of the sample, nitrogen air¯ow, and cleaning of the nebuliser after deposition. To help contain the sample to a small area once deposition has taken place, there is a vacuum line attached to the nebuliser. This simple system allows for higher sensitivity and run-to-run reproducibility for minute sample deposits. 
Rapid
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This paper will demonstrate a very simple technique for the rapid estimation of mercury content in solids, semisolids and liquid samples at ppb/ppm levels. The measurements take <1 min and <100 mg sample. The pyrolysis cell is easily attachable to a portable atomic absorption mercury analyser (RA-915 ‡).
This instrument also possesses its own 10 m multipass cell for air monitoring at ppt levels. The selectivity of this method for mercury is greatly enhanced using Zeeman correction. It will be shown that the products of pyrolysis can easily be rerouted into this high sensitivity cell if needed. The repeatability of the technique is >10% RSD. This methodology was successfully used for the analysis of soils and polymers for mercury.
Towards the simultaneous determinatio n of AS and SE by hydride generation atomic absorption spectrometry
David L. Scott and Julian F. Tyson, Department of Chemistry, University of Massachusetts, Amherst, MA 01003-9336, USA
Oxidative sample digestions produce Se(VI) and As(V). Hydride generation (HG) requires Se(IV) and As(III); however, reagents that reduce As(V) to As(III) also reduce Se(VI) to Se(0), which is not borohydride active.
It is known that bromide in acid solution is capable of reducing Se(VI) to Se(IV), and we have found that this reagent can also reduce As(V) to As(III). An unwanted side-reaction (the formation of arsenic tribromide) may be avoided by the addition of some bromate. Previous work has demonstrated the use of hydrobromic acid/ bromate for the reduction to Se(IV) of organoselenium species in a microwave-assisted procedure. The monoand dimethylated organo-arseni c species MMAA and DMAA have also been reduced to As(III) in an on-line microwave assisted procedure using the same hydrobromic acid/bromate reductant that reduces inorganic arsenic. The simultaneous on-line reduction of inorganic and organic species for both elements is thus possible, allowing the simultaneous determination of the elements in real samples. For the FI-hydride generation determination by atomic absorption spectrometry with quartz tube atomisation, the optimised borohydride concentrations for As and Se are quite diå erent, re¯ecting the diå erent roles of hydrogen in the atomisation processes.
Graphite furnace atomisation with trapping on the iridium-coated interior was used to investigate the conditions for the simultaneous determination of the two elements. Interest in speciation studies prompted investigations into post-column application of the microwaveassisted procedure which would allow the detection of the elements after separation by HPLC. Results of attempts to implement the bromide/bromate reductions in the FI manifold will be presented.
Electrochemica l detectio n in conventional and chip-based non-aqueous capillary electrophoresi s
Ulli Electrochemical detection in capillary electrophoresis (CE-EC) has been demonstrated to be an inherently sensitive detection principle for a variety of compounds including neurotransmitters , drugs and dyes. The strength of EC is that it can be easily miniaturised without compromising detection limits, requiring only a relatively simple and compact instrumentation . However, EC has not found general acceptance outside of electro-analytical research groups mainly because of (1) interference between the detection circuit and the high voltage ® eld (HV), (2) diae cult alignment of the sensing electrode with the separation channel, (3) EC' s limited accessibility to compounds which are diae cult to oxidise (reduce) and (4) occasionally poor reproducibility of the surface of the working electrode.
This presentation will demonstrate how these obstacles can be overcome by non-aqueous capillary electrophoresis (NACE) performed in fused silica capillaries and in the planar (chip) electrophoresis format. It has been shown that end-column detection, where the sensing electrode is placed in front of the capillary outlet, can be applied to NACE without incorporating any decoupler device. The potential oå set at the working electrode, in the order of a few hundred millivolts, caused by the separation ® eld can be easily compensated for by adjusting the voltage at the potentiostat . The extended potential window in organic media such as acetonitrile enables sensitive detection of amphetamines in acidic electrolytes and cannabinoids in strongly basic electrolytes at high potentials. Low detection limits in the ng ml ¡1 range and highly reproducible peak currents were thus obtained. Furthermore, special attention has been paid to improving the signal± noise ratio by changing parameters aå ecting hydrodynami c characteristics of the detector such as the distance between the working electrode and the capillary outlet. The highest sensitivity was observed at a distance of 25 pm. The noise level at this distance was ¹180 fA, which is only slightly higher than the electronic noise of the potentiostat . An optimised CE-EC set-up was applied to the determination of cannabinoids in hair samples after extracting the active compounds from the protein matrix.
Ongoing research is focused on the implementation of voltammetric electrodes in CE chips. Initial experiments are conducted using CE chips made from (poly)di- The toxicity of arsenic compounds is highly dependent on its chemical form: inorganic arsenicals being more toxic than organic arsenicals. Consequently, numerous investigations were performed to ® nd a suitable mobile phase buå er for the speciation of arsenic compounds found in urine, using ion-exchange/inductively coupled plasmamass spectrometry (IE/ICP-MS).
A Tris buå er mobile phase was initially evaluated for the urine samples because it was successfully used for the speciation of arsenic in drinking water samples. Only ® ve peaks were visible using this mobile phase with the coelution of AsB and As(III). Also, MMA and AsC peaks were not baseline separated. Since As(III) is one of the peaks that requires accurate quantitation, it was important to ® nd a buå er system capable of separating all six arsenic components.
An ammonium carbonate buå er system was found to separate successfully all six arsenic species as well as an internal standard (potassium hexahydroxy antimonate (V)). No signi® cant salt deposit was observed on the sampler and skimmer cones on the ICP-MS system; consequently, a high-throughpu t of samples could be evaluated.
A method performance evaluation for the speciation of arsenic in urine using ammonium carbonate buå er was determined. Estimating precision, linearity, detection limit and accuracy accessed analytical performance of the method.
Total arsenic content was determined as well using¯ow injection analysis (FIA) coupled to ICP-MS. Total arsenic results by FIA were compared with the sum of the arsenic species from the chromatographi c analysis to verify that mass balance was achieved. The results of all these studies will be presented. various derivatives, including alkyls and methylmercury hydride. The detection limit for the measurement of inorganic mercury may be improved by the amalgam trapping of the mercury vapor, released from a relatively large sample volume, followed by pulsed thermal release. We have developed a speciation procedure based on the reactivity towards borohydride at low acid concentrations and the amalgam trapping of both mercury and methylmercury hydride. When the vapors are directly introduced in the absorption cell, only inorganic mercury is detected as methylmercury hydride does not absorb at 253.7 nm. The diå erence between the signal with amalgam trapping and that without amalgam trapping is interpreted as due to the methylmercury. Recoveries of 100% of both species from river, pond and tap water were obtained with detection limits of 10± 20 ppt. Analysis of urine by standard additions is also possible. Accurate analyses of marine reference materials certi® ed for total mercury and methyl mercury (DORM and DOLT from the NRCC) were obtained, though calibration was by standard additions to sample solutions in tetramethylammoniu m hydroxide. In contrast to other recently published ® ndings, the Nation dryer did not interfere with the methylmercury determination, and we con® rm that the reaction between borohydride and methylmercury does not produce signi® cant amounts of mercury vapor; however, high concentrations of methyl mercury give an inorganic signal corresponding to 2± 3% either of partial reaction or due to an impurity.
Evaluation of liquid chromatograph y process control
Lars Karlsson, Magnus Fransson, Anders Sparn and Bengt Lagerholm, Analytical Development, AstraZeneca R&D, S-431 83, MSIndal, Sweden
In the pharmaceutical industry liquid chromatograph y (LC) is most often the technique of choice for the routine analysis of drugs and related substances. Typically, the only measure of system stability is standards, injected repeatedly throughout the sequence. In this paper we present a novel approach where the analytical sequence is treated as a process with the chromatographi c data as the product of that process. Enhanced quality of the product, i.e. the chromatographi c data and results derived thereof, can thus be obtained through monitoring the process, i.e. the chromatographi c system.
For this purpose, the liquid chromatograph y process control (LCPC) system has been developed. Here, several system parameters (usually more than six), e.g. the pressure at the column and the injection valve, are continuously monitored. Chemometrics is used for interpreting the data and producing multivariate statistical process control (MSPC) charts. The chromatographi c run is divided into two parts: the dynamic injection phase and the static elution phase. Two principal component analysis (PCA) models, one for each phase, are continuously created and upgraded as the data are collected.
In this paper, results from long-term testing of the system are presented, including assessment of the robustness, stability and need of calibration for the system sensors. The ability of the system to detect long-term drift is evaluated and the setting of appropriate error limits is discussed. It is shown that LCPC provides better control of the analysis, potentially allowing a reduction in the number of standards and replicates. Furthermore, troubleshooting is dramatically facilitated.
Software solution for real-time decision-makin g intelligenc e for portable eld sensors
K. T. Lu, Dennis Baba and Thomas Le¥er, Atomic Engineering
Corp., PO Box 3342, Gaithersburg, MD 20885, USA Advances in technologies have promoted the development of many portable ® eld sensors that require minimally invasive sample preparation and separation such as LIDAR, laser-induced breakdown (LIB) spectrometer and laser-induced¯uorescence (LIF). Like all laboratory instruments, their analytical success depends on library data for internal calibration. The calibration problem is more serious for in-situ ® eld sensors because of the lack of reliable library data for environmental matrix eå ects, such as soil matrix, moisture and atmospheric pressure etc. A critical need for the ® eld sensor to achieve its potential as an in-situ analytical tool is the development of an extensive database of environmental matrix eå ects and the real-time decision-making intelligence.
We have developed a prototype software solution that is capable of integrating a vast amount of laboratory data and performing real-time decision-making intelligence. With this key technology solution, the users can integrate data from laboratory sensors with those in-situ ® eld apparatus so that real-time calibration can be made using these data as references. This function is important because ® eld conditions may change the laboratorybased calibration. The real-time decision-making intelligence is made possible by the eae cient algorithms to perform fast analysis and concentration determination. This feature greatly enhances the performance of the ® eld sensors.
We use RCRA trace elements in synthetic silicate and limestone, and stream sediments soil samples [1] measured by laser-induced breakdown spectrometer as an example to illustrate the power of the software. Because the sensitivity of the detection limit of a certain element is masked by the environmental matrix eå ect in the soil sample generated by the laser-induced plasma, Screen shot showing drift in the system. it is essential to calibrate the detector with databases under ® eld matrix condition. Two databases with the above mentioned data ® les as input are created using the software system. The databas e ® les are determined by calibrating the selected`® nger prints' of the analyte relative to AEC' s reference database . These database ® les can then be loaded by the search program at another time to be compared against similar ® les to determine the detection limit to achieve real-time calibration.
The software system is capable of combining, integrating and analysing all these laboratory data, data from portable ® eld detectors and databases. The eae cient algorithms can carried out the data logging, searching, real-time calibration and decision-making at once in a few steps. The combination of improved software and the advanced algorithms make the real-time analysis of the trace elements in soil sample from portable ® eld sensors possible. Thanks to the Internet, the World Wide Web has revolutionised the way we do things analytically. For example, the Web provides the capability to access archival information, databases, product catalogs and product speci® cations rapidly. It also oå ers the ability to search and access teaching aids and research publications world wide [1] . A key bene® t of using a Web browser is its multimedia capabilities that stem from an inherent ability to mix text, graphics, video and audio using readily available software. An example is shown in the ® gure.
Interactive analytical chemistry on the Web
In this presentation , several of the unique capabilities of the Web will be demonstrated in the form of a video poster on a laptop computer [2] . Examples include course home pages, Web-executabl e programs, streaming videos that may be used for electronic teaching purposes (e-teaching), digital videos that may be used for training retraining purposes (e.g. an easy-to-assembl e LEGO 1 monochromato r [3] ), QuickTime 1 virtual reality tours, and videos of an inductively coupled plasma-mass spectrometer (ICP-MS) and of a sample introduction system for ICP-AES (atomic emission spectrometry). Research will demonstrate the use of a robotic vial autosample r with USEPA 5035 preparatory method for the analysis of USEPA Method 8260 analytes. The research will compare the data quality achieved with the robotic vial autosampler against results obtained for USEPA Method 8260 using other preparatory methods involving discrete autosamplers. The research will also provide analytical proof of the low carryover associated with running soil samples on the robotic system. All data will be evaluated for linearity, precision and accuracy. The instrument is equipped with eight individually spreadable pipetting channels with random access to all deck positions, so as to guarantee maximum exibility for the assay set-up. It runs under an easy-touse Windows NT 4.0-based software, which handles the full¯exibility of the hardware. Microlab STAR is the ® rst fully automated multichannel instrument featuring the monitored air displacement (MAD) pipetting principle, without using any system liquid. In addition, the new CO-RE (compression-induce d O-ring expansion) technology is designed to pick up disposable tips or reusable disposable steel needles during the same run and enables a very accurate positioning of the pipette tip and an aerosol-free tip release. All pipetting channels are equipped with sensors for capacitance-and pressurebased liquid level detection so as to detect the surfaces of both conductive and non-conductive liquids. Disposable tips or needles are available in three diå erent sizes covering a volume range from 1 to 1000 ml with high accuracy. Microlab STAR processes all kinds of labware, from tubes to high-density microplates, including barcode identi® cation. Relevant data from a variety of applications, such as drug screening, PCR preparation or DNA sequencing, will be presented. 
Role of chemometrics in chemical image analysis
Low
These operations may be carried out on both 96-and 384-well plates.
The system incorporates disposable tips that are automatically picked by a uniquely designed eight-channel pipette. Each of the eight channels can hold up to 120 gl of¯uid per operation. Bio-Tek' s proprietary pipette technology provides a reliable way to pick up and seal standard tips with controlled force. Each of the eight syringes is free¯oating within the body of the pipette. Precision 2000 solves the sealing issues associated with conventional pipettes. When tips are picked, the syringes are free to move up to accommodate diå erences in height and radially to accommodate deviations from ideal position. Precision 2000' s unique XY transport design provides eå ortless 96-and 384-well plate transfers with the same pipette mechanism.
The con® gurable six-station platform allows for customised liquid transfers. Reagent troughs, tip boxes and up to six microplates can all be positioned where they best suit the customer' s application. The entire platform can be removed for easy cleaning. Additionally, robotic plate handlers can be seamlessly interfaced to Precision 2000' s multiple robot friendly stations via an available ActiveX TM component.
The goal of our R&D Department was to develop a versatile device that would meet the needs of individual technicians at an aå ordable cost. We have thus developed a system that can replace all of a laboratory' s routine manual pipetting operations without being a tabletop behemoth. The device is small enough to ® t inside a laboratory hood, thus allowing the use of hazardous reagents with minimal technician exposure. This, along with its lower cost, allows it to be utilised as a personnel workstation. Precision 2000 additionally helps eliminate repetitive motion injuries. Precision 2000 ensures fast,¯exible and precise automated liquid delivery. Rapid dispense mode is made possible with an optional eight-channel manifold. A separate bidirectional syringe pump allows for the continuous rapid dispensing of reagent from any size reservoir to the six stations. Precision 2000' s onboard keypad and microprocessor can be utilised to program the steps required to conduct any operation. Precision Power TM , a Windows-based PC software application, can be used to program complex plate operations quickly. Both the onboard microprocessor and the PC software provide ease of use by allowing the chaining of procedures. An intuitive program structure with several preprogrammed liquid transfer routines makes short work of the set-up. Speci® cations, operation, programming and features of the device will be described in the poster paper.
New automated direct probe for a mass spectrometer
John J. Manura and David J. Manura, Scienti¢c Instrument Services, 1027 Old York Road, Ringoes, NJ 08551, USA
The direct probe was one of the earliest techniques used to introduce samples into a mass spectrometer (MS). The technique is still popular today because it provides a means to perform rapid sample analysis with minimal or no sample preparation. However, the technique has been limited by the fact that it was not reproducible or quantitative. The direct probe was normally operated by trained users and did not lend itself for use in an openaccess environment.
This study describes the design of a new automate d direct exposure MS probe (DEP) that addresses these limitations. The DEP probe uses a platinum ® lament wire for the analysis of samples. Samples to be analysed are dissolved in a suitable solvent and then injected onto the DEP ® lament wire using an automated syringe injector. After injection, the sample solvent is evaporated from the wire using a small current. The sample is introduced through a vacuum isolation valve and into the MS where it is subsequently analysed. The system is completely automated and computer controlled. The software to control the automated probe is fully integrated into the MS software to provide for a seamless probe± MS operation package. The result of this design was an automated MS-direct probe that can analyse samples quantitatively at 2± 5 min per sample. This paper describes the design of the system and demonstrates the analysis of analytical samples. Rice varieties, including waxy, non-waxy and aromatic, from diå erent crop years were analysed. Milled rice (5 g) was placed in 20-ml vials and sealed with a screw cap equipped with a Te¯on liner. Samples were stored at 5, 25 and 40 8C and sampled regularly over 3 months. The headspace was purged from the sample vial using puri® ed air at 60 ml min ¡1 . The electronic nose was equipped with 10 MOSFET type and 12 MOS types sensors. Cycle times of 7 min were employed and raw data ® les generated. Rice samples were concurrently analysed by solid-phase micro-extraction GC/MS. E-nose data were analysed using principal component analysis (PCA). Plotting of the primary component against the secondary resulted in readily discernible groups, with the primary component containing as much as 90% of the variability in the data set. Con® dence in the analyses was obtained by comparing multiple vials containing the same sample against a single sample analysed multiple times. Standards of hexanal at concentrations of 10 and 100 ppm in water were used to correct for any instrumental drift. Both varietal diå erences and aging diå erences could be observed. However, varietal diå erences were small relative to aging.
Using an electronic nose to determine lipid oxidation
Development of a CEM for on-line speciation of mercury in ue gas
W. T. Corns, P. B. Stockwell and D. W. Bryce, PS Analytical Ltd, Arthur House, Cray¢elds Industrial Estate, Main Road, Orpington BR5 3HP, UK
Accurate measurement of mercury speciation in utilitȳ ue gas is necessary to model the fate and transportation of mercury in the atmosphere and to evaluate the eå ectiveness of mercury control technologies. Impingerbased methods such as EPA methods 29 and 101A have been successfully applied to determine total mercury. Modi® cations to those methods have allowed diå erential speciation for elemental and ionic forms of mercury. However, the results to date have raised more questions than answers. There is clearly a need within the industry to monitor mercury emissions continuously. A reliable approach using atomic¯uorescence spectrometry has been developed and will be described.
The CEM developed uses a dual-stage purge-and-trap system based on amalgamation atomic¯uorescence spectrometry at elevated temperatures. A sample interface to distinguish between elemental and total mercury has been developed thus enabling speciation of ionic mercury by diå erence. Results will be presented for both pilot-and bench-scale studies. The eå ects of various¯ue gas composites on the accuracy of the measurements will also be discussed.
The fully automated system developed has been evaluated on sites both in Europe and the USA. Results obtained compared well with the standard methods. The system performed consistently and mirrored the variations found in the standard methods with a signi® cant reduction in the time-scales needed for the standard methods. Results will be presented showing the current status of the evaluation trials.
Real-time monitor for ultratrace levels of ammonia and volatile amines in clean room ambient air
Arnold E. Williams, Inga Henderson and Rebecca Gammill, Timberline Instruments, Inc., 1880 S. Flatiron Court Suite H-2, Boulder, CO 80021, USA
A gas diå usion conductivity detection system has been developed to monitor ammonia and volatile amines in ultratrace levels in semiconductor fabrication clean room ambient air. Ammonia/amine levels as low at 10 ppb have been shown to eå ect adversely the production of semiconductor s using deep UV radiation with chemically ampli® ed photoresist lithography.
The system uses a microporous membrane that allows the ammonia to migrate into a very dilute, neutral pH buå er and reabsorb as ammonium. The adsorbed ammonium increases the conductance of the buå er. The buå er conductivity is measured with a highly stable ultrasensitive temperature-controlle d detector. The detector response is proportional to the ammonia present in the original sample.
The accuracy of the system will be con® rmed by calibration with a certi® ed gas blend and permeation tube. This new instrument is capable of measuring a discrete air sample containing 1± 50 ng ammonia in <1 min with reproducibility >5%. With a continuous air-sampling system, it is possible to detect 0.5 ppb in a 5 SLPM air stream.
The system will require minimal maintenance, uses only easy-to-dispos e dilute aqueous reagents and requires only minimal attendance.
Speciatio n of selenium compounds using liquid chromatograph y particle beam/hollow cathode atomic emission spectroscop y (LC-PB/HC-AES)
Jennifer L. Robichaud, W. Clay Davis, Melissa A. Dempster and R. Kenneth Marcus, Department of Chemistry, Clemson University, Clemson, SC 29634-0973, USA
A system for the separation and detection of inorganic and organic selenium compounds utilising particle beamhollow cathode glow discharge atomic emission spectroscopy (PB/HC-AES) as a selenium-speci® c detector has been investigated. Using LC-PB/HC-AES, the following compounds were examined: selenocysteine, selenomethionine, selenoethionine, sodium selenate and sodium selenite. A reverse-phase ion-pairing chromatographi c method was developed to separate these ® ve compounds, with UV absorbance monitored at 210 rim. The Se(I) 204.0 nm emission intensity was then monitored for the corresponding peaks by coupling the LC column with the PB/HC-AES system. The PB interface includes a thermoconcentric nebuliser to generate a ® nely dispersed aerosol, a heated metal spray chamber for desolvation and a
PCA of two rice samples from two di¡erent years. Clear separation is observed between the 1997 and 1998 samples.
Abstracts of papers and posters presented at the 2001 Pittsburgh Conference two-stage momentum separator that removes solvent vapor. The resulting beam of dry analyte particles is introduced into a heated (¹250 8C) hollow cathode, where they are vaporised, atomised and excited within the plasma. The retention times of the ® ve analyte peaks are very similar to those detected by UV absorbance, demonstrating the ability of the PB interface to preserve the chromatographi c integrity of the separation. Liquid chromatographi c separations of the selenium-containing compounds demonstrate the feasibility of the PB/HC-AES system as a selenium-speci® c detector for liquid chromatography.
Arsenic speciation in blood of living rats by online microdialysis /microbore-HPLC /inductively coupled plasma mass spectrometry hyphenated system
Wei-Chang Tseng, Tai-Ling Hsia, Yuh-Chang Sun and MoHsiung Yang, Department of Nuclear Science, National TsingHua University, Hsinchu, Taiwan
To investigate the biological behavior of arsenic species in blood, some analytical diae culties including the extremely low concentration of interesting species, the high level and complicated sample matrix and small sample size (ml) will inevitably be encountered. In the present study, a hyphenated system consisting of microdialysis sampling, microbore-HPLC separation and inductively coupled plasma mass spectrometry (ICP-MS) on-line detection is developed to determine four arsenic speciesÐ arsenite (AsIII), arsenate (As(V)), monomethylarsonic acid (MMA) and dimethylarsinic acid (DMA)Ð in blood.
To accomplish the on-line analysis, an on-line injector was employed as an interface allowing the connection of microdialysis and microbore-HPLC. Microdialysis sampling was conducted by using saline solution (0.9% NaCI) as a perfusate and the dialysate at¯ow rate of 0.5 ml min ¡1 was led to a 5 ml collection loop for further injection to HPLC for separation. The microdialysis probe consisted of a metal-free dialysis membrane of polycarbonate and had respectively a length and diameter of 10 and 0.5 mm. It had a high recovery and least contamination . For arsenic speciation by HPLC, a packed microbore anion-exchang e column (1.0 £ 150 mm, Nucleosil SB 100-5) was employed. Chromatographic separation conditions such as pH, concentration and¯ow rate of the mobile phase were optimised based on mutual requirements of chromatographi c performance and detection sensitivity. The optimal separation was achieved with the use of pH 5.4 and 20 mm phosphate buå er solution and at the¯ow rate of 80± 100 ml min ¡1 . With the established system, the four arsenic species can be completely separated within 10 rain and the limits of detection of 1.6, 4.2, 1.7, 1.9 ng ml ¡1 for As(III), As(V), MMA, DMA can be respectively achieved. Also, the spectral interferences caused by the abundant chloride ions in microdialysate in ICP-MS measurement can be completely eliminated via this prior separation step. The simultaneous determination of arsenic species was subsequently carried out by coupling the microbore column with a microconcentric nebuliser (MCN) and ICP-MS. The performance characteristics of the proposed on-line microdialysis/ microbore-HPLC/ICP-MS system are discussed in detail here. The practical applicability of the method has been tested for the analysis of arsenic species in the blood of living rats.
Flow injection analysis of hydrogen peroxide and glucose based on copper-plate d screen-printe d electrodes
Jyh-Myng Zen, Hsieh-Hsun Chung and Annamalai Senthil Kumar, Department of Chemistry, National Chung-Hsing University, Taichung 402, Taiwan
A disposable copper-plated screen-printed carbon electrode (CuSPE) was developed for the determination of hydrogen peroxide by¯ow injection analysis (FIA) at ambient temperature without deoxygenating . Cyclic voltammetry on the CuSPE in pH 7.4 phosphate buå er solution showed the growth of CuO and Cu20. A wellde® ned reduction signal corresponding to the mediation of CuO and Cu20 occurred in the presence of hydrogen peroxide. The mechanistic study revealed that reduction is a coupled-chemical reaction mechanism with the operation of pseudo-¢rst order kinetics on the concentration of Cu20. The calculated electrochemical rate constant …k e † from Laviron model is 13.7 s ¡1 .
Systematic investigations were made to optimise the experimental parameters for hydrogen peroxide detection by FIA. With a poised potential of 70.3 V versus Ag/AgCI and a¯ow rate of 2 ml min ¡1 , the calibration curve was linear up to 200 pm H 2 O 2 with a detection limit of 0.97 mm …S=Nˆ3 †. An enzyme reactor coupled with the CuSPE was further developed for glucose monitoring. The electrocatalytic reduction of enzymatically produced H 2 O 2 at the CuSPE was determined by FIA in pH 7.4 PBS. Under the optimised conditions in FIA, the current signals were linear in the range 10± 300 pm glucose with a slope and detection limit …S=Nˆ3 † of 0.0114 pA pm ¡1 and 1.94 pm, respectively. The RSD for 10 continuous injection of 10 mm glucose is 3.77%. Interference from ascorbic acid, dopamine, uric acid and acetaminophen showed a tolerable eå ect at
Separation of 2.0E-03 M selenium compounds using reverse-phase HPLC with PB/HC-AES detection at 204.0 nm.
Abstracts of papers and posters presented at the 2001 Pittsburgh Conference equal molar concentration. The proposed method was applied to determine glucose content in fruit juice and clinical sample. Satisfactory results with good recoveries were obtained. The determination of the traces of Ag, As, Bi, Cd, Cu, Sb and Sn helps link recovered bullets with suspected crime weapons. The high concentration of lead makes the determinations by ICP-MS diae cult, and a method to remove the lead by precipitation as lead sulfate has been developed. In a batch process, the lead concentration (as monitored by¯ame atomic absorption spectrometry) was decreased from 12 900 to ¹6 ppm by reaction with 5% sulfuric acid and ® ltration through a 0.45-mm ® lter. Ā ow injection manifold was designed to implement the mixing, precipitation and ® ltration steps. The sample was injected into a 2% nitric acid carrier and merged with 5% sulfuric acid. The precipitate was retained on a down-stream ® lter while the analytes proceeded to the detector. After optimisation of the residence time, temperature and ® ltration medium, samples containing up to 12 900 ppm could be processed. Reagents for dissolving lead sulfate and cleaning the ® lters were examined. The best candidate was the trisodium salt of N-hydroxyethylethylene-diaminetriaceti c acid. Determination of Cu and Sb (also by atomic absorption spectrometry) showed minimal retention of these analytes. The manifold was applied to the determination of the remaining elements by ICP-MS in NIST SRMs 2425 (battery lead), 2416 (bullet lead) and 2417 (lead-base alloy). The use of optical coatings as computation devices for predictive spectroscopy has previously been described [1] . Optical computing provides a viable means of chemical analysis using simple hand-held devices with no moving parts. The main challenge in the manufacture of these devices is the design and manufacture of the interference ® lters. A novel ® lter design technique has been developed that creates a design which produces a structure that gives the best prediction error for the analysed species. Manufacture of the interference coatings is carried out via magnetron sputtering in which alternate layers of a high index material and a low index material are coated on a suitable substrate according to a speci® ed ® lter design.
Determinatio n of trace elements in forensic bullet
Process optimisation procedure for multivariate optical element (MOE) manufacture
However, it is quite diae cult, if not impossible, to deposit the multilayers accurately in the prescribed fashion due to manufacturing errors inherent in the deposition process. Since the overall success of the optical computing device depends on the ability to manufacture ® lters that have transmission pro® les that match the desired structure as accurately as possible, this presents a real problem. To monitor the deposition process adequately, a method of continuous synthesis of ® lter coeae cients (i.e. layer thicknesses) that adjusts the ® lter design on-line to account for the changing manufacturing conditions using custom-designed software is described. A comparison of ® lters manufactured from this method of`dynamic' design, with ® lters manufactured from a single initial design, will be made. The objective was to study an applicability program with an arti® cial intelligence module development of HPLC methods of a new computer for fully automated ChromSword-Auto (Merck KGaA, Darmstadt, Germany), a real-time expert system for the automated method development which runs on-line with the Merck± Hitachi Lachrom2000 HPLC system. The system interacts on-line with the HPLC system to get data and update its methods. It can test several solvents and columns.
Automated development of HPLC methods
S. Galushko
Mixtures of sweeteners, preservatives, sulfonamides, polyaromatic hydrocarbons, phenols, aromatic amines, due staå s, -blockers, etc. that cover a wide range of compound properties have been used to test for unattended method development. Several scenarios have been tested: (1) the development of isocratic methods, (2) the development of gradient methods, (3) the optimisation of temperature, (4) to start from structural formulae, (5) to start from an arbitrary concentration of an organic solvent, and (6) in performing multi-experiment optimisations with diå erent columns and solvents. The system ® nds the initial conditions from the structural formulae of compounds to be separated and the type of RP column to be used, or starts optimisation from arbitrary conditions when the structural data are unavailable. During optimisation, the self-learning system monitors data and searches for optimal isocratic or gradient conditions.
The results of automated optimisation with conventional trial-and-error and computer-assiste d methods have been compared. In many cases, unattended automated optimisation led to better conditions (less analysis time, simple gradient pro® le, better resolution) than a trialand-error procedure and it required much less human resources and user quali® cation then the computerassisted method development. Microfabricated or chip (microchip) electrophoresis has achieved remarkably rapid development, and instrumentation continues to advance toward a fully automated tool. One of the applications in which microchip electrophoresis systems have had the biggest impact is in DNA separations, in large part because microchip electrophoresis oå ers some clear advantages over slab gel electrophoresis for automation, speed and quantitative capability. The key characteristic required for the instrument in this regard is a PCR tube/plate compatible autosampler that might be consecutively accessible after ampli® cation and desalting. Second, a liquid-handling unit for ® lling the channels with buå er and for loading the sample should be equipped with some¯exibility depending on the channel design used, even when a high-viscosity polymer sieving matrix should be applied. Third, automated data processing of fragment size and quantitation with slab gel pattern is usually convenient for actual analysis.
This work presents a fully automated microchip electrophoresis system with a microtiter plate compatible autosampler and a novel linear-imaging UV detector in which the entire region of the separation channel is monitored using a 1024-element photodiode. The analytical conditions are optimised to give the best separation of DNA fragments. Examples of PCR products will also be demonstrated. Diae cult matrix introduction (DMI) is a technique that uses a direct thermal desorption (DTD) instrument for the handling of numerous diae cult samples in gas chromatography . A small, low-cost glass vial is inserted into the DTD liner, which is placed into the injector by a robotic sampler. Here, the sample is thermally desorbed. On removal, the vial is disposed of, whereas the liner can be kept for reuse.
Di cult matrix introduction: a new way of automating trace analysis in complex matrices
There are a wide range of sample matrices that may be introduced in this way, including solids, e.g. food, powders, slurries, aqueous samples, and dirty or reactive samples. The liner, column and detector, particularly MSDs, are protected from the heavy, non-volatile components of the sample by retaining them in the insert, while transferring the more volatile components of interest. This is achieved by optimising the ® nal injector temperature necessary for this selective transfer. A new electromechanical design is described that allows controlled pressures to be applied to samples in ATR accessories. Previous devices developed by accessory manufacturer s used strictly mechanical equipment to accomplish this task. The new design uses a reversible DC motor, controlled by interface electronics and coupled to a rack-and-pinio n mechanism. The stall current of the motor is limited to produce the desired pressure on the sample. Only downward pressure is exerted without any twisting movement.
The apparatus consists of a mechanical module and an electrical module, connected by a single electrical cable. The mechanical module contains the rack-and-pinion assembly mounted on a linear ball slide. The bottom end of the rack is used to contact the sample. The top end is blocked by a mechanical stop. The length of travel is §20 mm. The pinion gear, which turns to move the rack, is incorporated on one end of a shaft assembly, which is supported on two pillars with radial ball-bearings. On the other side of the shaft is a knob for turning the mechanism manually. A small sprocket gear is centrally located on the shaft. This gear supports a gear drive chain, which is turned by a large sprocket gear mounted to the shaft of the motor. A torque reduction results. Tabs at the top and bottom ends of the rack are used to activate slotted optical sensors. The tabs and sensors de® ne ranges, near the sample and the top mechanical stop, where a slower motor speed is used.
The electrical module contains interface circuitry that controls the motor speed, direction and current. A display of the motor current, proportional to the pressure, is given. LEDs indicate when the mechanism has reached Abstracts of papers and posters presented at the 2001 Pittsburgh Conference the bottom (sample) or top position. A ® xed selection of a number of diå erent current limits is provided. Hence, the pressure exerted on the sample can be readily set to an optimum and repeatable level. Once the sample pressure is set, the pressure cycle is initiated by throwing an electrical switch. To release the sample, the mechanism is raised by throwing the switch in the opposite direction.
ASA-automated speciatio n analyser: easy and fast analysis from sample preparation via chromatographic separation to spectrometri c detection The quantitative determination of heavy metals in their individual chemical forms so called`speciation' is possible but, because of the high equipment costs involved, is carried out only in a few laboratories. Speciation is now fast and easy thanks to the compact Automated Speciation Analyser (ASA) developed by the ICB (Institut fur Chemo-u. Biosensorik) within the framework of an EU project. The equipment prototype was developed and produced by GERSTEL GmbH & Co., KG. A technique is now available that enables chromatographi c separation and spectrometric detection of individual organometal compounds within a few minutes. Automation allows a high degree of analytical accuracy and reproducibility to be obtained. For the ® rst time ever, standardizatio n of speciation analysis and interlaboratory comparability of values recorded (e.g. in soil samples) is now possible. For mercury species, the limits of detection are <50 ng l ¡1 . An integral part of the system is the sample preparation unit in which immediately after weighing the alkylation can be carried out. With a purge gas jet, the derivatized compounds can be transferred into a cooling trap via a drying unit. The advantages of this procedure are the eå ective derivatization and separation of the disruptive matrix without any loss on degradation. After a fast gaschromatographi c separation using a multicapillary column (MCC, Alltech), the species are detected by microwave-induced atmospheric helium plasma (MI P) at an output of 60 W. The element emission lines are detected by means of a plasma emission detector (PED) patented by ICB. The total system is still a prototype but preparations are being made for its introduction into the market.
Determinatio n of mercury in coal using vapour generation atomic uorescence spectrometr y
D. W. Bryce, W. T. Corns and P. B. Stockwell, PS Analytical Ltd, Arthur House, Cray¢elds Industrial Estate, Main Road, Orpington BR5 3HP, UK
The vast majority of mercury in the environment originates from anthropogeni c sources. In the USA alone, 52 tons of mercury per year are released into the atmosphere from coal-® red power stations. In an attempt to reduce emissions into the environment, new regulations have been introduced in many countries, including the USA, requiring all coal-® red power stations >420 MW to monitor their mercury in coal on a regular basis.
Vapour generation atomic¯uorescence spectrometry is an excellent technique for the determination of mercury with limits of detection <l ppt, linearity over seven orders of magnitude and is relatively free from interferences. Detailed descriptions of a fully automated system for the determination of mercury based on continuous¯ow vapour generation atomic¯uorescence spectrometry will be given. The instrumental and chemical conditions along with digestion procedures and results for both coal and coal ash certi® ed reference materials will be presented.
An added bonus with this analytical approach is that the instrumentation can be used to analyse other material for mercury and the digest itself can form the necessary input for other trace elemental techniques. Raman chemical imaging is a powerful analytical tool that provides both chemical and spatial information about a sample. This technology will continue to bene® t more ® elds as Raman imaging instruments become more compact and more portable. The use of ® beroptic systems to deliver and collect light is one way to increase the mobility of Raman chemical imaging instruments. The Chemlcon Raven Raman ® berscope is equipped with both laser light and white light illumination ® bers and a coherent ® ber bundle for spectral and image collection. Filters are incorporated in the collection end of the ® berscope to reject suae ciently Raman scatter generated in the laser delivery ® ber and to reject adequately laser light to allow for the acquisition of Raman spectra and Raman chemical images from solutions and solids to within 200 cm ¡1 of the laser line. Raman chemical imaging is performed with the Raven by coupling it to an imaging spectrometer-base d detection system. Raven ® berscopes have been designed to accommodate a variety of laser excitation wavelengths, making this technology applicable to a wide range of sample types. Results from several applications utilising the Raven will be presented and discussed.
Remote chemical inspection of materials using Raman berscopes
New instrumentatio n for automated high-speed bio-analysis
Otto Halmingh, Dries Vrielink, Gerard Haak and Bert Ooms, Spark Holland BV, PO Box 288, 7800 AJ Emmen, The Netherlands
On-line SPE-LC-MS is a well-accepted technology in the drug-developmen t laboratory for automated assays of drugs in biological samples. Major merits include total automation, high precision and high sensitivity. For online SPE, the challenge is to keep pace with the LC-MS analysis cycle time to avoid waiting time for the (costly)
Abstracts of papers and posters presented at the 2001 Pittsburgh Conference LC-MS. Ideally, the SPE part of the on-line SPE-LC-MS assay should not cause any LC-MS waiting time at all! Zero LC-MS waiting time for on-line SPE can be accomplished if SPE is faster than the LC-MS analysis and runs in parallel with the LC-MS run. Another major challenge in the drug development laboratory is the increasing number of assays that need to be developed for the increasing number of drug candidates that enter the preclinical phase.
We present new instrumentation for on-line SPE-LC-MS that has been designed to achieve assay cycle times of <1 min. Dedicated con® gurations allow for rapid method development with programmable change of all SPE parameters, including SPE temperature. A generic protocol has been developed to provide a successful start, with easy further optimization. Examples of highthroughput SPE-LC-MS and fast-method development will be presented.
Automated in-syringe dilution of concentrated headspace samples and standards
Ingo Christ and Edward Pfannkoch, Gerstel, Inc., 1510 Caton Center Drive, Suite H, Baltimore, MD 21227, USA
Headspace GC is a widely used technique for the analysis of volatile and semivolatile compounds above solid and liquid samples, particularly when the sample matrix can interfere with the analysis. Autosamplers are available that can automate most steps of the analysis, from sample heating and agitation to heating the syringe used for sampling before injection.
Automated methods are usually designed to handle analyte concentrations within a reasonably limited range, most often one to two orders of magnitude. For some applications, sample concentrations may vary by three orders of magnitude or more, thus presenting a challenge to maintain chromatographi c peaks on scale without altering split ratios and thereby the calibration of the system. Also, some samples contain multiple analytes in greatly disparate concentrations, usually requiring the analyst to prepare two or more dilutions of each sample before beginning the analysis. It would be convenient to automate headspace sample dilution to address these situations.
Calibration of the headspace GC usually requires preparation of several standards at diå erent concentrations . Depending on the sample type, these standards may be more easily prepared in gas bags rather than sample vials, making it diae cult to perform the initial calibration and any recalibration of the system using the same autosampler conditions used for sample analysis. Here again, it would be convenient to prepare a single concentration standard and automate the dilution immediately before injection.
We have developed a strategy and supporting software to automate headspace sample dilution using a commercially available autosampler. Samples or standards are drawn up into the heated headspace syringe and dynamically diluted with either air or clean inert gas. Examples of calibration curves generated using this insyringe dilution method are given. Practical application of this technique for dilution of highly concentrated headspace samples is also shown. Accuracy and reproducibility of this automated dilution technique compared favorably with manual methods.
HPLC method development with the aid of an automated pipetting and injection workstation
Susan C. Dawson and Dan Lee, Hamilton Co., 4970 Energy Way, Reno, NV 89509, USA HPLC method development often involves repeated preparation of stock solutions, tedious dilutions of samples, hours sitting at the chromatograph y workstation waiting for the next injection opportunity, and the lost productivity of not working nights and weekends. Of course, there are autosamplers that will take your prepared samples and inject them without human attendance, but the samples must be made in advance nonetheless.
This paper explores the ways a robotic liquid-handling workstation can be used to ease the HPLC method development tedium. Hamilton Co.' s MICROLAB 1 4000Ð equipped with an HPLC injector valveÐ was used to evaluate a new line of silica-based columns. On-the-¯y dilutions and partial loop ® lling were employed to determine linearity, dynamic range, capacity, selectivity, eae ciency and column life. The MICROLAB 4000 was electronically connected to the gradient pump as well as to the chromatographi c data system' s interface box. Coordinated programming of the instrument, the pump and the data system' s controlling software enabled exible, long-running performance studies. The capabilities of the coordinated system as well as chromatographic results will be presented. Monitoring the immune response system of a host in response to an antigen is important in determining the type and severity of an infection. In this study, the use of matrix-assiste d laser desorption/ionisation time-of-¯ight (MALDI/TOF) mass spectrometry has been developed as a tool for monitoring the immune response to bacterial infection. When employing the MALDI/TOF approach, the levels of many components of the blood serum have been found to be immune response-independen t while others have been found to correlate directly with the response of the immune system to two known types of bacteria (S. aureus, E. faecalis). The relative intensities of blood serum peaks appearing at m/z 14 966 and 8725 reproducibly changed in intensities as the infection progressed. The ® gure shows is the intensity ratio of m/z 14 966 to 8725 as a function of time after infection was initiated. Each curve corresponds to a single mouse. The control group (bottom two curves, injected with phosphate buå er solution only) exhibited a nearly constant ratio over time, indicating no in¯uence of exposure to buå er. However, mice injected with bacteria showed a reproducible increase in the m/z 14 966 to 8725 ratio over time. The increasing ratio may then serve as an indicator that the mice were developing an immune response. The relative amounts of the proteins yielding these peaks are thus useful markers of the progress of the immune response.
Blood
Advances in IR database technology
Michael Boruta, Bio-Rad Sadtler Division, 3316 Spring Garden Street, Philadelphia, PA 19104, USA IR database technology has vastly improved over the years with the advent of increasingly powerful hardware and software platforms. The increased power of these platforms has made possible many signi® cant improvements in IR databases. These improvements have led to increases in both the resolution of the spectral data that can be eå ectively stored and in the amount and types of data that can be stored with each spectrum. This paper reviews these advances and predicts what the future of IR database technology may hold for spectroscopists and chemists. The inherent speed of analysis of Fourier transform nearinfrared (FT-NIR) spectroscopy has greatly contributed to the techniques popularity, but the time to acquire a spectrum has made other aspects of the process seem slow by comparison. Consequently, users are interested in reducing complications related to sample presentation and the collection of appropriate backgrounds for references. Furthermore, validating a method using certi® ed standards has become increasingly important in heavily regulated environments such as the pharmaceutical industry. An analyser that automates these essential tasks is highly advantageou s because it makes analyses faster and more reliable while providing system performance veri-® cation at any time.
Automated control and operation of an FT-NIR analyser
Another signi® cant advantage of automating these functions is eliminating operator errors. Automation allows appropriate calibrated attenuation, detector gain and optical path to be selected without human intervention. The importance of automatic background collection with the sample in place will be discussed as well as how this automation improves spectral quality, decreases analysis time and reduces technician errors. Examples of automatic generation of collection of spectra and data analysis of certi® ed standards will also be shown. A new approach to the theory of¯ow analysis is presented. This method is based on graph theory. The usage of ideas of graph theory to the description of¯ow systems allows a unit to link all of its parameters: chemical, con® guration and instrumental features. The mathematical formulation of paths of passage from the initial node of the graph, allowing a substance to be determined, to the ® nal oneÐ the introduced product of analytical reactionÐ allows one deduce a key equation of the theory. 
Novel approach to the theory of ow analysis
KTA-1920x extended near-infrared di¡use re£ectance secondary wavelength standard.
geneous exchange, where on-line concentration by co-precipitation is reviewed. It is also demonstrated that the conditions in a¯ow real-time system respond to the basic postulates of linear non-equilibrium thermodynamics. In recent years, a miniature spectrometer has been extensively developed due to the marriage of ® beroptics and semiconductor detector array. This type of miniature spectrometer has the advantage s of low price and robustness due to the capability of mass production and no moving parts are required such as lenses, mirrors and a scanning monochromator . These systems are ideal for use in teaching laboratories, process monitoring and ® eld analyses. A portable near infrared (NIR) system has been developed for qualitative and quantitative analysis. This system includes a tungsten halogen lamp as a light source, ® beroptics connected to the light source and a sample module to the microspectrometer. The size of spectrometer can be as small as 2.5 £ 1.5 £ 0.1 cm. Wavelength ranges can be chosen as 360± 800, 800± 1100 and 1100± 1900 nm depending on the type of detector. The software consists of various tools for multivariate analysis and pattern recognition techniques. To evaluate the system, long-and short-term stability, wavelength accuracy and stray light have been investigated and compared with a conventional scanning-typ e NIR spectrometer. This developed system can be suaeciently used for quantitative and qualitative analysis for various samples such as agricultural product, herbal medicine, food, petroleum, pharmaceuticals, etc.
Versatile automatic GC system for large volume and conventiona l headspace analysis in pharmaceutical, forensic, food and beverage, and environmental control The great versatility of the headspace system allows this technology to be successfully applied in many application ® elds. In this perspective, two diå erent approaches can be adopted as to the technique used to transfer the vapour sample from the sampling vial into the GC injector: static and dynamic. The advantages of the former towards the latter, besides the high reproducibility delivered, are the simple method development, ease of automation and a leak-free environment. This paper describes how the high¯exibility of a static headspace autosample r can be combined with diå erent method requirements to cope superbly with the largest application range possible. In particular, applications in forensic, pharmaceutical, food and beverage and environmental control are described.
For these applications, a HS2000 automatic headspace autosampler was used. Its possibility to heat the syringe, heat and shake the sample in the incubation oven, and ush the barrel eliminates any problem related to sample condensation and cross-contaminatio n due to carryover. Furthermore, the possibility to perform multiple subsequent injections with sample cryo-enrichment is another advantage, it being able to enhance sensitivity up to a factor of eight with respect to a conventional singleshot injection.
To test this technique, the HS2000 has been used in combination with two diå erent cryofocusing systems: the Cold Trap 900 and the PTV injector. While the former is a separate piece of hardware that can be installed below either the SSL or the PTV injector, the latter is the PTV injector itself used as a cold sample inlet. Both cases showed good sensitivity, injected volume linearity and repeatability results. Moreover, it can house diå erent sizes of vials and can perform the multiple headspace extraction technique. Real samples related to the determination of residual solvents in pharmaceutical bulks, blood alcohol analyses, pesticide screening and determination of wine aromas are presented and discussed. volatiles and, therefore, characterizes more the compounds contributing to the aroma/smell of a sample and not the¯avour/taste. Direct thermal extraction of olive oil in an inert atmosphere under controlled temperature conditions can be used to analyse easily the volatile and semivolatile compounds contributing to¯avour. Olive oil (10 litres) is injected into an empty glass tube and inserted into a thermal desorption unit (TDS). The TDS was ramped to 80 8C with high desorption¯ow, allowing the analytes to be transferred into a PTV liner and trapped at subambient temperatures (7150 8C), while retaining the oilmatrix in the TDS tube. After completion of sample transfer, the PTV was ramped to 280 8C, releasing the extracted compounds into a GC-MS system for subsequent analysis at very high sensitivity.
Flavour pro ling of di´erent olive oils with rancidity monitoring by thermal extraction GC/MS
Fully automated preparative high-performanc e liquid chromatograph y using recycling technology
Regis Boutant and Eric Verette, Gilson S. A., 19 avenue des Entrepreneurs, B. P. 45, F-95400 Villiers-le-Bel, France
In the chemical industry, and particularly in the pharmaceutical industry, separation, puri® cation and re® ning processes have a very important position and the quality requirements of the ® nal products have drastically risen in the last decade. Among the techniques used in preparative high-performance liquid chromatography , recycling technology is de® nitely the best method to obtain the desired degree of puri® cation performance in the separation of two closely eluted compounds such as isomers. Indeed, this technique presents quite interesting advantages about pressure and column length, particularly when using expensive chiral phases for the separation of enantiomers. In this work, a completely automated system is presented, which is composed of an injector, preparative pumps with new features, switching devices, a detector and a collector, all controlled by a centralized software. The system is applied to the separation of isomers to show the eae ciency and robustness of the technique.
HPLC analysis of teratrcyclin e and miconazolew a study in autosampler carry-ove r reduction
Megan Thurmond and John C. Hodgin, Alcott Chromatography, Inc., 5680 Oakbrook Parkway, Suite 148, Norcross, GA 30093, USA Autosampler carry-over is the`memory' of a previous sample injection found in a second, consecutive sample injection. It is usually expressed as a percentage of the compounds in one sample injection found in the consecutive injection of a blank solution. Carry-over causes both inaccuracy and irreproducibility in sample quanti-® cation. Two forms of carry-over can be described: physical and sorptive. Physical carry-over is due entirely to unswept places within the¯ow path of the injection system. A residual sample is trapped within the unswept places where it is slowly released with subsequent injections. Physical carry-over is usually eliminated simply by optimising the tubing connections and the plumbing network within the injection system to remove the unswept areas. Sorptive carry-over results from the adsorption of the sample within the injection system. Such adsorption has been detected within the walls of the sample loop [1, 2] and on the plastic rotor seals of the injection valve [3] . Sorptive carry-over can be minimised by judicious choice of solvents for both the mobile phase and sample solutions. These steps usually eliminate sorptive carry-over within the¯ow paths of the injection system, but do not necessarily remove sample residues from the injection ports or autosampler cannulas which can also contribute to carry-over . These areas often require additional rinsing steps for absolute carry-over removal.
The purpose of this presentation is to document the sorptive carry-over eå ects of the antibiotic tetracycline and the antifungal compound miconazol. Described in the presentation are the steps used for carry-over reduction and the design of a new autosampler, the Alcott Model 718ALD, which features an in-line injection port rinsing system used exclusively for carry-over reduction. This new in-line¯ushing system allows for a series of up to three rinse solvents to wash rapidly both the internal and external needle surfaces as well as the injection port of the sampling valve. All analytical methods applied in quality control laboratories must be validated. However, the calculation of the method criteria to be validated and the compilation of the validation report are often very tedious and time consuming.
Computer
Validation Manager is a validated and write-protected software dedicated to the validation of analytical methods. It can be used to calculate and assess the method criteria speci® city, precision, accuracy, linearity, range, detection limit and quantitation limit. Moreover, it can be used to perform robustness studies or interlaboratory trials. The method criteria are calculated in accordance with the international guidelines of ICH, USP and ISO. Contents of the automatically compiled report are selectable, and both form and language of the report can be adapted by exporting it as a Word 2 document. This validation report can be submitted directly to the authorities as a ® nal validation document. In this way, Validation Manager helps substantially to save time in the method validation process.
The diå erent steps of method validation with Validation Manager will be explained. Moreover, an estimation of the timesavings achieved by the use of a validation software will be presented. An automated HPLC method development system has been developed for reversed-phase HPLC methods. It consists of an HPLC system and a software package for computer-assiste d method optimization. The software was equipped with a control module for the HPLC system. In addition, a module of arti® cial intelligence has been added that is necessary to evaluate the experimental results and to take decisions during the method development process. Virtual chromatography (i.e. prediction of optimum HPLC conditions and simulation of chromatogram s on the PC without to perform any prior chromatographi c experiments) is used to reduce the necessary experiments to an absolute minimum. An automatic column and solvent switching function allows the optimization for each column/organic modi® er combination and thus a quick statement to which column/ solvent combination gives the best results. ChromSword Auto can thus realize substantial timesavings in the method development process and optimization methods with regard to minimum run time and maximum peak resolution. Several application examples show the potential of this innovative software technology for HPLC method-developmen t laboratories.
Automatic
Automated sample preparation for creams, gels and ointments
Lynn Jordan and Ed Yapchanyk, Zymark Corp., 68 Elm Street, Hopkinton, MA 01748, USA Sample preparation for creams, lotions, gels and ointments is a diae cult task. Their high viscosity or unique rheology causes analyte extraction of these sample types to be particularly diae cult to disperse. They are most troublesome when the semisolid base product is not miscible with the preferred solvent required for the assay. This poster will illustrate how automated sample preparation can be utilised to overcome these diae culties. One bene® t of automated sample preparation is its ability to eliminate diå erences in various manual techniques such as sample dispersion. In addition, automated systems can provide a documented method and a complete audit trail of the sample handling which many laboratories require to meet 21 CFR Part 11 compliance. This poster will examine the parameters used for an eae cient and reproducible sample preparation for these sample types, as well as the resulting documentation and audit trail. Trace mercury in water samples presents a serious challenge to the analytical chemist. Mercury concentration in natural water (rain, river, ocean) is in the ppt level. In some contaminated water bodies, mercury concentration could be much higher. For environmental investigation and a contaminate d site remediation test, a detection technique with a detection limit at the sub-ppb level is required. In the laboratory, ICP-MS or AAS combined with some preconcentration techniques can be used to analyse mercury in such a low concentration level. However, on-site mercury detection has many bene® ts for environmental research and contaminated site cleaning. In this report we present a highly sensitive ® eldable instrument for the detection of ppt level mercury in water sample. The instrument consists of a mercury pen lamp as the light source, a laboratory build-up small-echelle spectrometer, a CCD detector and a laboratory build-up atomiser. Chemical reduction and membrane separation techniques are used in building up the atomiser. A detection limit of 1.2 ppt mercury in water is achieved by use the constructed system (see the ® gure). The atomic absorption RA-915 ‡ portable mercury analyser with Zeeman correction was interfaced with the ASIST-150-2N dual needle headspace autosampler. The reducing agent (SnCI 2 ) was added automatically to the headspace vial and equilibrated in the headspace oven. The vapor phase was swept into the spectrometer by nitrogen using a dual-needle arrangement or by pressurising the vial and letting the vapors expand into a multipath 10 m cell of the RA-915 ‡. The data generated were quantitatively interpreted using several methods such as external standard, the method of standard additions and multiple headspace extraction.
The same headspace autosampler was also interfaced with a GC/MS system for analysis of mercury. It was shown that results obtained by GC/MS correlated well with those obtained with RA-915 ‡. However, detection limits of the headspace GC/MS system were in the ppb range, while the sensitivities achieved with RA-915 ‡ were in the ppt range. This paper will concentrate on the conditions of headspace preparation and sampling for the generation of quantitative results. The methodologies of quanti® cation in vapors and condensed matrices will be presented.
A headspace autosampler with atomic absorption gives an analyst a number of practical advantages including superior selectivity and sensitivity. This eliminates crosscontamination between samples, which is common problem with liquid autosamplers. Moreover, headspace sampling allows the analysis of solid samples without digestion in many cases. In the present paper, an on-line system for enrichment and determination of lead is proposed. It is based on the chemical sorption of lead(II) ions on a minicolumn packed with polyurethane foam loaded with 2-(2-benzothiazolylazo)-2-p-cresol (BTAC) reagent. After preconcentration, lead(II) ions are eluted by 0.10 mol l ¡1 hydrochloric acid solution and determined directly by FAAS. Several parameters were studied. The results demonstrated that lead can be determinate with an enrichment factor of 26 for a sample volume of 7.0 ml and preconcentration time of 1 min. The detection limit (3 s) was 1.0 l g ¡1 and the precision (RSD) reached 6.0± 0.7% in lead solutions of 10± 500 l g ¡1 concentration, respectively. The enrichment factor and the detection limit can be further improved by increasing preconcentration time. Achieved sampling rate was 48 samples h ¡1 .
The eå ect of other ions in concentrations agreeing with biological samples was studied. The results demonstrate d that the proposed procedure has necessary selectivity for lead determination in seafoods and other biological samples. The accuracy of the procedure developed was con® rmed by analysis of the following certi® ed reference materials: ® sh tissue IAEA, lobster hepatopancrea s NRCC TORT-1 and citrus leaves NIST 1572. Recoveries of spike additions (0.2 or 1.0 mg g ¡1 ) to several seafood samples were quantitative (90± 107%). These results proved also that the procedure is not aå ected by matrix interferences and can be applied satisfactorily for lead determination in polluted samples of shrimp, oyster, crab, ® sh and mussel. Environmental pollution by dioxins (2,3,7,8-tetraclorodibenzo-p-dioxin and its isomers) is a serious problem and threat to human health. The main emission sources of dioxins are incinerators. To reduce dioxin formation, highly controlled incinerator operation based on realtime monitoring of index compounds such as dioxin precursors is needed.
However, the correlation between the concentration of index compounds and the toxicity equivalent quantity (TEQ) of dioxins is not strong enough for accurate determination of TEQ in¯ue gases. However, highresolution GC/MS analysis to determine TEQ takes >1 week due to its complicated pretreatment processes. Thus, it is diae cult to determine the TEQ of an incinerator over a long period.
To monitor the TEQ of dioxins from incinerators, we developed a high-speed analysis system that enables the total amount of dioxins to be quickly determined. Because the correlation between the total amount of dioxins and TEQ is high, we can than accurately estimate TEQ. Our system consists of a pretreatment system with an absorbent, an atmospheric pressure chemical ionisation (APCI) ion source, and an ion-trap mass spectrometer (ITMS). Flue gases are introduced into the pretreatment system for several hours and chemicals in the gases are concentrated on the absorbent. These chemicals are then extracted and introduced into the highly sensitive APCI-ITMS. The analysis time after sampling is ¹2 h, short enough to allow for frequent checking of the¯ue gases.
The work was supported by the New Energy and Industrial Technology Development Organisation. An increasing environmental consciousness causes new regulations for emissions of exhaust gases. Although a reduction of many compounds of the exhaust gas of automobiles has already been achieved in recent years, new regulations will limit emissions to lower levels in the near future. For a better understanding of the process causing emissions, every phase of the combustion cycle has to be monitored on-line (A).
In-cylinder on-line measuremen t of exhaust gas compounds of combustion engines by mass spectrometry
A new measurement system has been developed to monitor exhaust gas compounds in the exhaust pipe or directly in the cylinder. The on-line measurement system consists of the MS Kodiak 1200 (Bear Instruments) equipped with a high-temperatur e direct inlet. The MS contains an EI/CI source, a collision-cell and two mass analyser quadrupoles (A). The system has been extended by a digital signal processor for fast data acquisition. Operating in SIM mode, it is possible to monitor the concentration of various compounds of the exhaust gas with 12 500 samples s ¡1 and resolve single four-stroke cycles.
To perform measurements, the spectrometer has been attached to the engine of a motor test stand. The inlet conducts the gas …T gasˆ1 000 K † directly from the combustion chamber with pressures of up to 20 bar via a skimmer to the ion source of the MS (B).
Automating the pressurised solvent extraction of oxygenated polyaromatic hydrocarbons from soils and river sediments The Soxhlet extraction of soil and sediment samples is a rugged laboratory technique using relatively inexpensive glassware, requiring no hands-on manipulation after loading, and providing eae cient extraction. Unfortunately, Soxhlet extraction of polyaromatic hydrocarbon s 
Measurement system (A).
In-cylinder measurement (B).
Abstracts of papers and posters presented at the 2001 Pittsburgh Conference from soils may extend to 24 h and consume 300 ml of solvents. This paper investigates the automation of the hightemperature extraction of oxygenated polyaromatic hydrocarbons (PAH) from soils and sediments as a fast alternative to the lengthy Soxhlet extraction. The optimised automation sequence of the extraction parameters and evaluation of serial and parallel sample processing schemes are discussed. In addition, an analysis of the time and cost savings inherent in the pressurised solvent extraction technique as a result of reduced solvent consumption and reduced manpower requirements is included.
Extraction eae ciency of PSE versus Soxhlet oxygenate d PAH:
. There exists a serious problem caused by emission of unexpected dioxin from stack gas. It is very diae cult to monitor dioxin itself, but precursor monitoring is easier. Many precursors were listed and we investigated the relationship between dioxin reproductions after the ® lter. Many of the results showed a good relation, but there is no simple monitoring system for stack gas. We developed an automated monitoring system for total volatile organic halogen as a dioxin precursor.
In the ® rst stage of the sampling, water is condensed and removed. Inorganic halogen is removed in this stage, then sample is introduced into the concentrator. Air and the remained inorganic gas replaced H 2 , then it is thermally desorbed. All the collected organic compounds are introduced into the reduction furnace. It produces HCI and HBr. These are then solved in the solvent. The conductivity of the solvent changes with respect to the concentration of the halogen, which contained total volatile halogenated components (TVOX).
The ® gure shows the¯ow diagram of this system. Analysis cycle time is 15 min. The detection limit is sub-pg m ¡3 . The sample volume is adjusted to the concentration level of the incinerator. We also show the time deviation of TVOX emission from incinerator. CO and O 2 indicate the state of combustion, but most of all the dioxin produced after the combustion. TVOX represented the remained source of the dioxin. Thus, it is better indicator for the operation of the furnace. Owing to the range and number of compounds analysed in Method 524.2, there are several analytical problems that can arise. One of the most common problems involves the transfer of water to the analytical column. Excessive water transfer can cause problems with both chromatograph y and the mass spectrometer.
In this paper, an evaluation of the diå erent methods of moisture control will be presented and the TekmarDohrmann 3100 Purge & Trap will be optimised for the analysis of the USEPA 524.2 compound list using GC/MS. The optimisation of method parameters will focus on achieving the optimal chromatograph y with the lowest detection limits and maximum reproducibility.
Presentation of results will include calibration curves, sample reproducibilities and minimum detection limits.
Sequential automated analytical system for chlorophenols in drain water of ue gas from waste incinerator s by using HPLC/ECD Chlorophenols (CP) in¯ue gas from waste incinerators are noted as the precursors of polychlorinated dibenzo-pdioxins (PCDD) and polychlorinated dibenzo-p-furans (PCDF). In addition, some of CP are relevant to environmental endocrine disruptors. Thus, the monitoring of CP in¯ue gas is very important and the sequential automated analytical system for CP containing two to three chlorine atoms was developed.
The system is composed of four parts, a cooled sampling unit for drain water, a periodical introduction unit for drain water sample to HPLC, an HPLC/ECD (electro-
Flow diagram of the TVOX monitoring system.
Abstracts of papers and posters presented at the 2001 Pittsburgh Conference chemical detector) for separation and detection of CP, and a control unit for each unit and data handling (see the ® gure). The sampling unit has two parallel traps of drain water for continual sampling and the sampling¯ow rate was adjusted to 2 l min ¡1 with a mass¯ow controller.
The system was tested at a middle-sized incinerator for industrial waste (treatment capability 70 ton day ¡1 ) for 10 days, and ® ve CP were constantly detected at 10± 1000 ng N m ¡3 . Then, the system was con® rmed as being able to use the monitoring of CP in¯ue gas for a long period. However, we also found the slight eå ect of the previous sample adhering to the inner wall of a traps on the next sample determination and the relatively short life (1 week in the tested case) of the precolumn. These problems can be solved without much diae culty. 
Flow diagram of a sequential automated CPs analyser.
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